Objectives: To detect the impact of side branch (SB) lesion length on acute SB occlusion after main vessel (MV) stenting.
side branches with diameters greater than 2 mm in which the lesion length can be measured accurately.
| M E TH ODS

| Study population
From January 2013 to July 2013, a cohort of 1,460 consecutive patients with de novo coronary bifurcation lesions underwent PCI at Fuwai Hospital in Beijing, China. In this study, the inclusion criteria were as follows: (1) patients with bifurcation lesions undergoing PCI and (2) patients with bifurcation lesions consisting of a significant SB that was greater than 2 mm by visual estimation and was confirmed by the physician and core laboratory. Bifurcation lesions were defined as the narrowing of a coronary artery adjacent to or involving the origin of a significant SB. A significant SB was defined based on the criteria of the European Bifurcation Club as a branch that should not be lost in the global context of a particular patient (symptoms, location of ischemia, branch responsible for symptoms or ischemia, viability, collateralizing vessel, and left ventricular function) [15] . The exclusion criteria were as follows: (1) lesions undergoing elective SB stenting before MV stenting, (2) lesions without proper angiography for QCA analysis, and (3) an SB lesion length that cannot be measured clearly. Finally, 516 patients with 524 bifurcation lesions were enrolled in this study.
| Interventional procedure and periprocedural practices
In the present study, PCI was performed conventionally, and coronary stents or other procedures/devices were used only when required in all cases. The interventional strategy and instrumentation used for the treatment of bifurcation lesions were at the discretion of the individual cardiologists. The administration of periprocedural antiplatelet and antithrombotic medication was based on current guidelines and the individual operator's discretion.
| Classification and data collection
The clinical profiles were obtained through review of the medical records. The baseline and procedural coronary angiography findings were reviewed and analyzed by an independent core laboratory at Fuwai Hospital. Coronary angiography findings, including bifurcation location, Medina classification, plaque distribution, and TIMI flow grade in the MV and SB at baseline, before MV stenting and post procedure, were recorded. Procedure characteristics, such as a jailed wire in the SB and pre-dilation of the SB, were also recorded. SB occlusion was defined as any decrease in the TIMI flow grade in the SB after MV stenting.
| Quantitative coronary angiography
Analysis of quantitative coronary angiography (QCA) was performed using standard quantitative analysis methods and definitions. Angiograms at baseline and before MV stenting were analyzed using a computer-based system dedicated for bifurcation analysis (Qangio XA, version 7.3, Medis, Leiden, Netherlands) in an independent core laboratory at Fuwai Hospital. All QCA analyses were performed using Tshaped segmental analysis models consistent with prior studies. We followed the main principle that observer interference should be avoided as much as possible in the analysis. The bifurcation lesion was divided into the following four segments: the proximal MV segment, distal MV segment, SB segment, and bifurcation core segment, as show in Figure 1 . The reference vessel diameter, minimum lumen diameter (MLD), lesion length, and bifurcation angle (BA) were measured in the angiographic view with minimal foreshortening of the vessels. An additional variable was calculated based on the QCA data-the diameter ratio between MV/SB (formula 5 [reference diameter of proximal
which is a parameter that reflects the relative plaque burden of SB.
| Statistical analysis
Categorical variables were described as counts and percentages, and continuous variables were presented as the mean 6 standard deviation (SD). Differences between the categorical variables were tested using chi-squared test or Fisher's exact test as appropriate. Differences between groups were examined using Student's t-test or Wilcoxon's rank-sum test. Multivariate logistic regression analysis was conducted to identify independent predictors of SB occlusion. Adjusted differences in risk were presented as 95% confidence intervals (CIs). All P values were two-tailed, and a P value less than 0.05 was considered to be statistically significant. All analyses were performed using SAS 9.4 software (SAS Institute, Cary, NC). Table 2 . Medina classification was significantly different between the two groups. The SB occlusion group had more true bifurcation lesions (66.7% vs. 23.9%, P 5 0.0000) than the non-SB occlusion group. Incidences of plaque located on the same side as the SB (81.5% vs. 41.2%, P 5 0.0000), irregular plaque accumulation in both MVs (92.6% vs. 72.4%, P 5 0.0095) and SBs (33.3% vs. 11.5%, P 5 0.0034) were higher in the SB occlusion group.
| Procedure characteristics
The procedure characteristics are shown in Table 3 . The two groups had a similar MV TIMI flow grade (P 5 0.7254) and MV dissection rate (6.4% vs. 14.8%, P 5 0.1054) before MV stenting. However, the SB TIMI flow grade before MV stenting was different between the groups (P 5 0.0000). The SB occlusion group also had a lower application rate of a jailed wire (14.8% vs. 38.2%, P 5 0.0087) and balloon pre-dilation (7.4% vs. 22.1%, P 5 0.0427) in the side branch.
| QCA analysis data
The QCA analysis data at baseline and before MV stenting are shown in Tables 4 and 5 
| Independent predictors of SB occlusion
Multivariate logistic regression analysis revealed that a high BA before stenting, plaque accumulation located on the same side as the SB, the TIMI flow grade of the SB before stenting, and the DS of the SB before MV stenting were independent predictors of acute SB occlusion, as shown in Table 6 . The receiver operating characteristic (ROC) curve for the multivariate model is shown in Figure 2 . The C-statistic value for this multivariate model was 0.89 (95% CI: 0.83-0.96).
| Group analysis of side branch lesion length and distance between the SB MLD and ostium
To further illustrate the association between the bifurcation lesion occlusion rate and SB lesion length, we divided the lesions into two groups according to the median value of the SB lesion length. The results were shown in Table 7 . The Medina classification was significantly different between the groups (P 5 0.000). The group with the The comparison of the occlusion rates and quartiles is shown in Figure   3 . The quartile with the shortest distance between the SB MLD and SB ostium before MV stenting had higher SB occlusion rates than the other lesions (8.3% vs. 3.6%, P 5 0.036), while the quartile with the longest SB lesion length showed no significant difference in the occlusion rates (7.7% vs. 4.3%, P 5 0.167).
| D ISC USSION
In this study, there were several major findings: (1) The side branch lesion length was not an independent predictor of side branch occlusion in the intervention procedure with provisional strategy and (2) Several independent predictors were identified: a high BA before stenting, plaque accumulation located on the same side as the SB, the TIMI flow grade of the SB before stenting, and the DS of the SB before MV stenting.
Currently, the provisional strategy using a single stent is considered a routine strategy for interventional treatment bifurcation lesions, but complications such as SB occlusion are not rare. The reported rate of crossover from the 1-stent strategy to the 2-stent strategy was 18.8-31%, mostly because of SB failure [4, 16] . In the last decade, the identification of risk factors of SB occlusion was attempted. Previous studies have identified several risk factors of SB occlusion such as the bifurcation angle, true bifurcation lesion, MV/SB reference diameter ratio, and SB ostial disease, although some of the results were still under debate [10] [11] [12] [13] 17, 18] . The lesion length of SB was considered a risk factor of SB occlusion in some studies. In the research of Hahn et al. [13] , the SB lesion length was an independent predictor of SB occlusion, and each 1-mm increase in the lesion length was associated with a 1.03-fold increased risk of SB occlusion. In the research of Seo et al. [18] , the SB lesion length was significantly different between the SB occlusion group and non-SB occlusion group but was not an independent predictor of SB occlusion in multi-variate regression analysis.
However, in the present study, the SB lesion length was not significantly different between the SB occlusion group and non-SB occlusion group. For accurate QCA analysis of the lesion length, we chose lesions with a side branch diameter greater than 2 mm. However, we found no significant correlations between the SB lesion length and occlusion.
We divided the lesions into groups according to the SB lesion length, and we still found no difference between the different groups. A potential explanation was that the ostial part of the side branch impacted SB occlusion more than the distal segment. Plaque shift and carina shift were considered the main mechanisms of SB occlusion in provisional PCI. The plaque shift mechanism supposed that plaques in
MVs would redistribute to reference segments during dilation [19] . In bifurcation lesions, the plaque may shift into the side branch and then cause occlusion. In the carina shift mechanism, the stent would compress the carina toward the side branch and comprise its ostium [20] .
In both mechanisms, the disease in the ostial segment of SB would play a more important role than the SB lesion length. Angiographic and IVUS studies also consistently reported that the plaque burden of the SB ostium was a risk factor of SB occlusion [14, [21] [22] [23] . Seo et al. also reported that the distal segment of SB was not affected by MV stenting [18] . As shown in our study, a longer SB lesion length was associated with a more complicated bifurcation anatomy, but it was still not a direct indicator of a heavier plaque burden at the branch ostium.
For example, a long but thin plaque in the side branch will only produce a mild lesion at the ostium.
In this study, we found that the DS of the side branch before stenting and plaque accumulated at the same side as the side branch were independent predictors of SB occlusion. Both factors reflected the plaque burden around the SB ostium. Several angiographic studies have
shown that a side branch with severe stenosis was susceptible to occlusion [11, 13] . Previous IVUS and OCT studies have also proven that a thicker plaque at the branch side of the main vessel and side branch ostium would facilitate a plaque shift and side branch occlusion [14, 21, 23] . We also noticed that the DS of the SB before MV stenting was an independent predictor in multivariate analysis rather than DS of SB at baseline. This implied that pre-dilation would change the anatomy of the bifurcation lesion and affect the side branch occlusion rate. The lower SB TIMI flow grade before MV stenting was independently related to SB occlusion, consistent with the results of a previous study. The slow arterial blood flow may be associated with vessel spasm, micro-thrombus formation, dissection and facilitate occlusion [24] . In this study, we also found that a larger BA before MV stenting was independently associated with a higher SB occlusion rate. We speculated that the increase in BA caused a decrease in the blood flow in the side branch and a reduction in the SB ostial area, which will facilitate SB occlusion [25] .
Interestingly, we also found that the distance between the MLD of the SB and SB ostium became significantly different between the occlusion and non-occlusion groups after pre-dilation. Figure 3 shows that this variate had a stronger association with the SB occlusion rate than the SB lesion length. The quartile with the shortest distance had a higher occlusion rate than other quartiles, while the occlusion rate in the quartile with the longest SB lesion length showed no significant difference. We supposed that this variate may be an indicator of plaque distribution in the SB after pre-dilation and was predictive of SB occlusion. However, it was not an independent predictor in multivariate regression analysis. In a further study, we will enlarge the research population and investigate the association with SB occlusion.
In this study, the SB occlusion rate was 5.2%, which was lower than that in previous studies. This may be explained by the following: (1) the reference vessel diameter of the SB was relatively large in this study, which may be attributed to the decrease in the occlusion rate and (2) this is a retrospective study, in which the patients with a very high risk of SB occlusion by estimate were adopted to the two-stenting technique.
| Study limitation
First, our study was limited by its retrospective single-center design and by unknown confounding factors that could not be excluded. Second, the selection of treatment strategies, stent types and other instruments were at the discretion of the operators. Our findings are subject to selection bias, which may be compounded by unmeasured variables. Third, the present study examined a relatively small consecutive cohort, and further studies validating the conclusions of this study are warranted.
| C ONC LUSI ON
Side branch lesion length cannot be regarded as an independent predictor of SB occlusion after MV stenting.
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